occasions in 21 months. Of the 25 patients, 12 survived and left hospital. The procedure is particularly beneficial in patients who have suffered some failure of myocardial protection during operation and to those gwho are suffering from acute ischaemia or the sequelae of myocardial infarction. The place of preoperative counterpulsation is discussed. Patients with long-standing cardiac disease who have emergency surgery benefit less from counterpulsation. Those patients with chronic ischaemnic damage to the heart have nothing to gain from the use of counterpulsation.
The Sheffield Regional Cardiothoracic Unit obtained an AVCO intra-aortic balloon pump in 1974. Since that time, 25 patients have had the balloon inserted as a means of circulatory support and this group of patients is the subject of this report.
Patients and methods
The details of the 25 patients undergoing counterpulsation are set out in the Table. INDICATIONS FOR SUPPORT BY COUNTERPULSATION All patients who had cardiogenic shock which had failed to respond to the usual treatment were considered for the insertion of the intra-aortic balloon and treatment by counterpulsation. No distinction was made between patients with right and left ventricular failure. These patients were usually under surgical care but several were initially seen on medical wards. Cardiogenic shock was diagnosed when there was persistently low arterial blood pressure of below 80 mmHg systolic, urine output below 0 5 ml/kg body weight per hour, and persistently cold skin, associated with mean atrial pressures in the range of 20 to 30 mmHg. Cardiac output measurements were not made. In all patients, cardiogenic shock was initially treated for at least one hour usually by means of an intravenous infusion of adrenaline or noradrenaline. Persistent failure of the blood pressure to rise above 80 mmHg systolic and persistently low urine output and skin Received for publication 14 July 1976 temperature led to the insertion of the intraaortic balloon and treatment by counterpulsation.
TECHNIQUES OF INSERTION AND REMOVAL
In our experience the technique described by Kantrowitz et al. (1968) was reliable and applicable to all patients. The common femoral artery is exposed in the groin and a 12 mm Dacron graft is sewn onto the artery using 5/0 Prolene suture so as to form a prosthetic 'side arm' to the artery. The 30 ml balloon is then inserted into this side arm and advanced into the descending thoracic aorta.
A thick suture tied around the tube graft then allows the balloon to lie in the arterial system without blood loss. This (Cases 5, 10, 15, 16, 18, 19) In each of these cases, operation was routinely performed, but during the procedure technical problems were encountered which rendered preservation of myocardial function difficult.
Case 5, who underwent aortic valve replacement, with coronary artery bypass grafting and endarterectomy, had an intraoperative myocardial infarct, presumably as a result of an inadequate endarterectomy. In Cases 10, 15, and 16, unexpected severe coronary arterial disease was encountered during aortic valve replacement rendering adequate coronary perfusion impossible. In each case, counterpulsation had to be started before the patient could be weaned from bypass. Our present policy of profound topical cardiac hypothermia results from this experience. Cases 18 and 19 were patients having multiple vein grafts applied for relief of angina. In Case 18, an endarterectomy had to be performed on the left anterior descending artery; a documented infarct and left ventricular failure probably resulted from incomplete endarterectomy. The other patient had a long and difficult operation to revascularise a poorly functioning ventricle, and it is probable that further myocardial damage occurred during the operation. In these 2 patients, counterpulsation was started 90 minutes and 300 minutes respectively after coming off bypass.
In this group, one death occurred during counterpulsation and one late death followed a satisfactory initial response. (Cases 3, 20, 24) Each of these patients was known to have a left ventricular aneurysm and had undergone acute deterioration a short time before operation. In each a large discrete ventricular aneurysm was found, but after resection, myocardial performance was inadequate to maintain a satisfactory circulation. Counterpulsation in two of the three cases was ineffective; these patients could not be weaned from bypass and died. At necropsy, diffuse chronic damage of the left ventricle was found.
(6) MISCELLANEOUS CASES Case 1 had had a total repair of tetralogy of Fallot and had done well for 12 hours. Cardiac output then fell and remained low in spite of treatment. After 48 hours, when the patient was moribund, the balloon was inserted but counterpulsation produced only a temporary response.
Case 11, a patient of 62 years, underwent a routine mitral valve replacement. No technical difficulties or failure of myocardial preservation occurred. Cardiac output fell after operation and failed to respond to counterpulsation which was started 6 hours after operation and continued for 3 days. At necropsy there were signs of previous infarction of the left ventricle, which was thought to have occurred before operation.
Discussion
Intra-aortic balloon counterpulsation has been shown to increase the blood supply to ischaemic myocardium (Gill et al., 1973) and also to reduce left ventricular work in the failing heart (Powell et al., 1970) . The clinical value of these haemodynamic changes has been shown by several groups of workers who have reported their results. The immediate response and short and long-term results of treatment with counterpulsation have been reported in patients who are shocked after myocardial infarc-tion (Dunkman et al., 1972; Scheidt et al., 1973) , and those who have poor cardiac function after operation (Buckley et al., 1973) . Counterpulsation has also been used in the management of patients with complications of myocardial infarction (Buckley et al., 1973) . Buckley et al. (1973) .
The results of using counterpulsation were poor when chronic damage to the left ventricle had preceded operation and were very bad in those patients who had end-stage severe mitral valve disease, usually associated with chronic pulmonary vascular disease. Both of the patients who survived counterpulsation after emergency mitral valve operations were young and had had problems which, though severe, had been of short duration and which had begun in hospital.
One of these patients (Case 7) is of particular interest. We have found that the AVCO intra-aortic balloon pump is a most reliable instrument and is easy to use and to understand. The nursing staff, in particular, have felt happy to manage patients who have been treated with it.
